This study examines the validity for estimating physical fi tness age (PFA) using the Japan Fitness Test through the application of single and multiple regression analyses and principal component analysis. The participants were 484 community-dwelling Japanese elderly men and women. A Physical fi tness test consisting of 6 performance tests, namely grip strength, sitting trunk fl exion, foot balance with opened eye, 10-m hurdle walk, sit-ups, and 6-min walk were used. Participants were divided into two groups for modeling PFA equations (n = 322) and for cross-validation of them (n = 162). The equation models for estimating the PFA were a single regression model with a physical fi tness test score, a multiple regression model with the 6 performance tests, and the fi rst principal component model obtained from the 6 performance tests. The validity of three PFA models was compared by concurrent validity with chronological age (CHA), cross-validity using shrinkage, and degree of agreement between aging effect for physical fi tness and the correlation coeffi cients of PFA and CHA. Results of statistical analyses reveal that the three PFA models satisfy concurrent validity and cross-validity, but the single regression PFA model detected a greater degree of agreement for aging than the other models.
Introduction
It is necessary for elderly people to maintain and improve their physical fi tness and the basis of their physical activities in order to satisfy healthy, high quality of daily life (Tanaka et. al, 2004) . The components of health-related physical fi tness include muscle strength, muscular endurance, fl exibility, cardio respiratory endurance, agility, and balance (Haskell and Kiernan, 2000) . For elderly people, health-related physical fi tness is evaluated.
Numerous methods to evaluate physical fi tness have been reported on, which utilize physical fi tness age estimated from health-related physical fi tness test scores. Since Furukawa (1974) has presented the age estimation from physical functions, various estimation methods have been reported such as by Nakamura, et al., (1989; 1998; 1990; 1996; 1998) , Oda (1992) , Lee, et al., (1993) , MEXT (2000; 2002) , and Shigematsu, et al., (2000) . The estimation method of physical fi tness age has been investigated mainly through the adoption of the equation models of the univariate regression analysis, the multiple regression analysis, and the principle component analysis.
The physical fi tness age is a index that converts the physical fi tness to age scale, based on analytic evaluation of the relationship between standard physical fi tness and calendar age. (Matsuura, 1993; Nakamura, 2004) . The difference between the physical fi tness age and the calendar age indicates the degree of aging (Matsuura, 1993; Nakamura, 2004) . The evaluation according to the physical fi tness age is advantageous and useful because it allows us to intuitively comprehend at which age level the physical fi tness of individuals is situated in (Matsuura, 1993) . It is also expected that the use of the evaluation according to the physical fi tness age in training programs for the elderly will heighten the participants' motivation to continue performing daily exercise.
The Japan Fitness Test is typical of standardized physical fi tness tests in Japan. The physical fi tness age evaluation criteria of 5 years old rank used by the Japan physical fi tness test (20 yrs -64 yrs) has been made. However, the physical fi tness age evaluation criteria has been not yet made in the Japan physical fi tness test (65 yrs -79 yrs). For the Japan physical fi tness test (65 yrs -79 yrs), the reliability and the validity are confi rmed. And because the physical fi tness and motor ability investigation of the Japan physical fi tness test is national standard value for Japanese, it is thought that utility is high as for the physical fi tness age evaluation of the elderly people who performed the Japan physical fi tness test. In order to evaluate the physical fi tness age, we have to examine the sensitivity of aging change of estimation models as well as the statistical validity of models. The purpose of this study was to develop equation models for the physical fi tness age estimated based on the results of the Japan Fitness Test intended for the age of 65 to 79 and to examine the validity.
Methods

Procedures
Referring to previous studies, we compared and examined three kinds of estimation models: univariate regression analysis; multiple regression analysis; principle component analysis. We examined the gender differences and homogeneity in the total scores of the physical fi tness test and six items of the test by analysis of variance (ANOVA). In the univariate regression analysis, in particular, because the homogeneity of each age-grade mean value of the physical fi tness score that is an independent variable is a part of prerequisite condition, a prior test was conducted.
The validity of the respective estimation models was examined according to criterion validity, cross validity, and the degree of aging change refl ected in the study. As the correlation coeffi cient between physical fi tness age and calendar age seems to represent a decrease of physical fi tness with aging, the degree of agreement of the physical fi tness age with the aging change of the physical fi tness is seen as a validity criterion of the estimation models. By using the results of the Japan Fitness Test intended for the age of 65 to 79, the criteria was comprehensively explored and compared to the validity of the physical fi tness estimation models.
Participants
Participants were 484 community dwelling healthy elderly people in total, 195 males and 289 females aged from 65 to 92, residing in Tsukuba, Taiyo and Ryugasaki municipalities of Ibaragi Prefecture, or a town of Saitama Prefecture, Ogano (Table 1 and 2). Those over the age of 80 exceeding the age range prescribed in Japan Fitness Test were included in the study if they obtained either doctors' or medical specialists' consent and gained 24 points or over in a test for activities of daily living (ADL), a screening test of the Japan Fitness Test. It was decided not to limit the age range to 65 to 79and it was decided not to exclude more elderly people as it was hoped to demonstrate that even elderly people over the age of 80 were able to practice items included in the Japan 
Measured items
In the Japan Fitness Test intended for the age of 65 to 79, muscle strength, muscular endurance, walking ability, balance, fl exibility, and cardio respiratory endurance are defi ned as the components of the elderly physical fi tness. The measured items of the Japan Fitness Test intended for the age of 65 to 79 are Grip Strength, Sit-and-reach, Standing Foot Balancing with Eyes Open, 10-m Hurdle Walk, Sit-ups, and 6-minutes Walk. In previous studies (Nishijima, et al., 2003b; Nishijima, et al., 2003c) , it has been reported that the six items of the Japan Fitness Test suggest signifi cant construct validity coeffi cient (0.35 to 0.87), and that high value of reliability (r = 0.93 or more) was obtained. In accordance with the manual of Japan Fitness Test intended for the age of 65 to 79 (the Ministry of Education, Culture, Sports, Science, and Technology; MEXT hereafter, 2002), the measurement was conducted and the total scores of the test were calculated.
Estimated Physical Fitness Age Model
By running a Two-way ANOVA (Gender × Age), the prior test was conducted. As there were signifi cant gender differences found in the results of the physical fi tness test and the total scores of the test, estimation models of the physical fi tness age were developed the respective genders. However, following the previous studies suggesting that physical fi tness remarkably decreases after the age of 75 (Demura, et al., 2003) , a linear regression analysis, a curve regression analysis, and a non-linear regression analysis were conducted, in all of which, calendar age as an independent variable and the results of the physical fi tness test as a dependent variable, were used prior to preparing a univariate regression model. The analyses suggested that the model showing the highest goodness of fi t was the linear regression model. In consideration of this prior analysis result, this study developed univariate regression models with the supposition that elderly people's aging change of physical fi tness was linear. One of the causes of the different results from those of previous studies would be character of the participants. This study used the data of the elderly people only approved to participate in the physical fi tness test by medical specialists such as doctors. Therefore, late elderly people of the age of 75 or older participating in this study possibly belong to the elderly group with high physical fi tness level (van Heuvelen, et al., 2002) . This is seen as one of the limits of this study.
A univariate regression model was developed, in which regards the mean values of the respective age where the mean age of all the participants is the independent variable. The univariate regression analysis, therefore, generated two kinds of models, the National data regression model developed by using the national mean data and the Sample data regression model developed by using the sample mean data. It is assumed that a similar physical fi tness age is calculated in the two univariate regression models if the participants' physical fi tness is close to the national mean data (population).
As the mean of the total test scores is utilized in the sample data regression model, an assumption is that there is equal variance of the total scores of the physical fi tness in respective age ranges. Homogeneity test (Levene's Test) was performed as prior test, and homogeneity of a physical fi tness test total score of each age was confi rmed. However, the number of the samples of the age of 80 or older is small, so the mean was sought through the division into two categories, by ages 80 to 84 and of 85 or older. The determination coeffi cient compared the national data regression model to the sample data regression model. The multiple regression model of estimation of physical fi tness age was developed by using the calendar age as the dependent variable and the six items included in Japan Fitness Test as the independent variables. In selection of independent variables, we must consider choosing variables refl ecting aging change well (Furukawa, 1974 ) and a problem of multicollinearity (Kikkawa, 1985; Kikkawa, et al., 1987) . Taking into consideration the six items which represent the respective elements of physical fi tness (MEXT, 2000) , it is desirable that all the six items are included in the multiple regression model. Therefore, the Enter Method was applied, and the multiple regression model was developed, where the six items of Japan Fitness Test act as the independent variable.
Since the estimated value sought by the multiple regression analysis has a systematic error using a linear model as Nakamura, et al., (1989) state, the multiple regression model was fi nally developed after a correction term to the calendar age was sought according to the correction by Dubina, et al., (1984) and the term was added to the estimated value. The adoption of the multiple regression model was judged by the determination coeffi cient.
The principal component model of physical fi tness age estimation was developed by procedures of Shigematsu, et al., (2000) and Nakamura (2004) . The scores of the principal components among the six items included in Japan Fitness Test were calculated as the scores of physical fi tness. To express physical fi tness score with age scale, scores were converted by the mean and standard deviation of calendar age. The converted scores have a systematic error by using a linear model (Nakamura, et al., 1989) , so it is probable that the younger the calendar age leads to overestimation while the older the participant the greater the underestimation (Shigematsu, et al., 2000) . The principle component model was fi nally developed after a correction term to the calendar age was sought according to the correction by Dubina, et al., (1984) and the term was added to the total scores of the physical fi tness test. Dubina, et al., (1984) , designed a correction method, utilized in the multiple regression and the principle component analyses in this study, in order to prevent a systematic gap due to errors specifi c to the linear model. Without the correction by Dubina, et al., there might be such a systematic error included that the physical fi tness age of the participants younger than the average calendar age of the samples in the models would be overestimated and the physical fi tness age of the participants older than the average calendar age would be underestimated. The physical fi tness age sought after the correction by Dubina, et al., is shown in the following generalized equation:
Yi=FAi+Z Z= (yi-y)(1-b) In the above equation Yi represents an individual physical fi tness after the correction, Z represents the correction term, FAi represents the estimated physical fi tness age before the correction, yi represents the calendar age, y represents the mean value of the calendar age, and b represents the regression coeffi cient between the estimated physical fi tness age before the correction and the calendar age. By adding the correction term to the estimated physical fi tness age sought by the above equation, the physical http://www.soc.nii.ac.jp/jspe3/index.htm 595 fi tness age after the correction was calculated.
Statistical Analysis
The validity of the models was examined by the criterion validity, the cross validity, the degree of refl ection of aging change. To explore the cross validity of the estimated models, all the samples were divided into two groups, the modeling group and the cross validation group, by utilizing a stratifi ed random sampling. The sample size of the modeling group was two-thirds of the whole, 131 males and 191 females. The sample size of the cross validation group, on the other hand, was the remaining one-third; 64 males and 98 females.
The criterion validity coeffi cient of the estimated models was the correlation coeffi cient of the estimated physical fi tness age as against the calendar age in the modeling group. The cross validity of the estimated models was examined by the reduction of the correlation coeffi cient between the calendar age and the physical fi tness age in the modeling group and the cross validation group. The estimated model with the large amount of the shrinkage shows low stability of the estimation precision. On the basis that it is desirable that there is no signifi cant difference found between the modeling group and the cross validation group, the comparison test of correlation coeffi cient (Demura, 1996) was carried out. In addition, the correlation coeffi cient between the residual and the calendar age was calculated to confi rm that there was no systematic error in the estimated model.
It is desirable that there is a signifi cant correlation found between the physical fi tness age and the calendar age sought from the estimated model, and it is believed that the correlation coeffi cient calculated represents a decrease in physical fi tness with the aging change. It is also desirable that the correlation coeffi cient between the physical fi tness age and the calendar age sought from the respective estimated models agrees with the degree of aging change. Therefore, the correlation coeffi cient between the physical fi tness age and the calendar age as well as the level of accordance of the aging change infl uence was examined. For the modeling group, one-way analysis of variance was run, in which age according to gender is the independent variable and the total scores of the physical test is the dependent variable, and effect size (ES hereafter) of main effect of calendar age was calculated before ES was established as the validation criterion of the aging change. It seems that ES of main effect of calendar age in one-way analysis of variance nearly accords with the determination coeffi cient in the univariate regression model. This is because that the univariate regression analysis and ANOVA use the same linear model (y same linear model (y same linear model ( = ax + b) as the statistical model though the scale level of the independent variable is different in the former and the latter. In the event that only ES is utilized as the validation criterion of the aging change, the interpretation of the results could have bias. As against the scores of the principal components sought from the principal component analysis regarding the six items involved in the Japan Fitness Test as the dependent variable, therefore, the ES of the calendar age was also added into the validation criterion. However, it is not articulate yet that the scores of the principal components regarding the six items involved in the Japan Fitness Test as the dependent variable possess the validity as the physical fi tness evaluation criterion for the elderly. The ES of the one-way analysis of variance is eta squared (η2), and it shows a percentage that the independent variable can explain the total variation of the dependent variable of the samples. The extent that the determination coeffi cients of the respective physical fi tness ages and the calendar ages accord with ES was utilized as a coeffi cient of agreement.
T h e c o e f fi c i e n t o f a g r e e m e n t = 1 . 0 -( t h e determination coeffi cient of the physical fi tness age and the calendar age -the ES of the aging change).
If the coeffi cient of agreement is close to 1.0, it shows the extent of the aging change in the estimated model. If the coeffi cient is farther from 1.0, on the other hand, it is judged that the aging change was either underestimated or overestimated.
The signifi cant level in all the tests was established at α = 0.05. For all the statistical procedures, an application software, SPSS 12.0J for Windows was utilized. (MEXT, 2002) , and homogeneity (F-value = 0.739 to 1.093, P = 0.99 P = 0.99 P to 0.204) between the national value and the samples was confi rmed in all the items. Accordingly, it can be judged that the physical traits and the physical fi tness level of the participants are typical of Japanese elderly people. In both of males and females there was no big difference found between the modeling group and the cross validation group. Table 3 shows the results of six items and the total scores by two-way ANOVA (2 levels of gender × 17 levels of age) in 484 participants. The total scores of all the measured items and the physical test suggest there was signifi cance found in main effects of gender and age, while no signifi cance was found in interaction.
Results
Descriptive Statistics and Prior Test
Classifying the respective genders into two groups, the modeling group and the cross validation group, Table 4 and 5 show the mean ± the standard deviation of the items involved in the physical fi tness test, the reliability coeffi cient (intra-class correlation coeffi cient), and also show the homogeneity of the respective age ranges of the modeling group. In Grip Strength, Sit-and-Reach, and 10m Hurdle Walk, the measured items possibly with the test-retest method, the reliability coeffi cients were high shown as 0.85 or more for male and 0.83 or more for female. The Levene's L of the total scores of the physical fi tness test was not signifi cant (F-value = 1.50, P = 0.097 for P = 0.097 for P male, F-value = 1.20, P = 0.258 for female), but the P = 0.258 for female), but the P homogeneity of all the age ranges of both genders was verifi ed. Table 6 shows the estimation equations of the physical fi tness age and the estimation precision (shared variance, %) of the univariate regression analysis, the multiple regression analysis, and the principle component analysis. In the national data regression model, the determination coeffi cients of both genders were signifi cant (r2 = 0.99 for male, r2 = 0.99 for female). Also in the sample data regression mode, the determination coeffi cients of both genders were demonstrated signifi cant (r2 = 0.76 for male, r2 = 0.87 for female). In the multiple regression model, the determination coeffi cients of both genders were demonstrated to be signifi cant (r2 = 0.27 for male, r2 = 0.36 for female), while in Table 7 shows the correlation coeffi cients between each physical fi tness age and calendar ages and the standard deviation of the residual (calendar agephysical fi tness age). In the national data regression model, the correlation coeffi cients between the physical fi tness age and the calendar age were 0.48 for male and 0.54 for female, and the standard deviations of the residual were ±10.25 of age for males and ±9.45 of age for females. In the sample data regression model, the correlation coeffi cients between the physical fi tness age and the calendar age were 0.48 for males and 0.54 for females, and the standard deviations of the residual were ±7.55 of age for males and ±6.90 of age for females. In the multiple regression model, the correlation coeffi cients between the physical fi tness age and the calendar age were 0.92 for males and 0.90 for females, and the standard deviations of the residual were ±2.24 of age for males and ±2.45 of age for females. In the principle component model, the correlation coeffi cients between the physical fi tness age and the calendar age were 0.74 for males and 0.77 for females, and the standard deviations of the residual were ±4.61 of age for males and ±4.26 of age for females. Figure 1 and Figure 2 illustrate the plots of the respective physical fi tness ages and calendar ages in the modeling group. Table 8 demonstrates the correlation coeffi cients between the respective physical fi tness age and the calendar age, the standard deviation of the residual (calendar age -physical fi tness age), and the shrinkage. Among the cross validation group, the correlation coeffi cients between the physical fi tness age and the calendar age were 0.29 for males and 0.49 for females in the national data regression model, and those in the sample data regression model were also 0.29 for males and 0.49 for females. In the multiple regression model those were 0.89 for males and females, and those were 0.68 for males and 0.74 for females in the principle component model. There was no signifi cance found in the shrinkage of the validity coeffi cients of the respective estimated models, and the stability was found within 60.4 % to 98.9%. Figure 3 and 4 illustrate the residual plots in the cross validation group. In the male sample data regression model, there was a signifi cant correlation coeffi cient found between the residual and the calendar age (0.37), and in the female multiple regression and principle component models there was a signifi cant correlation coeffi cient found between the residual and the calendar age (0.21). In other estimated models, however, there was no signifi cant correlation coeffi cient found between the residual and the calendar age. Table 9 shows determination coeffi cients of the physical fi tness age and the calendar age as well as agreement coeffi cients of aging change (ES) in the cross validation group. The male aging change indicated ES in the total scores of physical fi tness test (ES PFS ) was 0.34 and ES of the scores of the principle components (ES PCS ) was 0.29. For the female aging change, however, the ES PFS was 0.35 and the ES PCS was 0.36. With regard to the aging change and the coeffi cients of agreement of the respective estimated models, the ES PFS and ES PCS were respectively 0.89 and 0.94 for males and 0.94 and 0.93 for females both in the national and the sample data regression models. In the multiple regression model, those were respectively 0.49 and 0.44 for males and 0.54 and 0.55 for females. In the principle component model, those were respectively 0.79 and 0.74 for males and 0.76 and 0.77 for females. shrinkage: correlation coeffi cient (r) in modeling group -correlation coeffi cient (r) in cross validation group. *: p < .05 Table 8 Cross validity of each physical fi tness age estimation model. In Sample data regression model, there is signifi cant systematic error (correlation coeffi cient between CA and residual r = 0.37, P < .05). P < .05). P
Estimation Precision and Criterion Validity
Cross Validity
Discussions
Since there was signifi cant gender difference found between the six items involved in the physical fi tness test and the total scores of the test, the respective estimated physical fi tness age models were developed under the distinction of gender. In order to conduct a univariate regression analysis in the sample data model of the modeling group, the homogeneity of the total test score in the respective age ranges, the independent variable, should be a condition. Form the homogeneity confi rmed in both genders, it was considered that the respective estimation models of physical fi tness age were appropriately developed.
In the national data and sample data regression models, the correlation coeffi cients between physical fi tness age and calendar age as well as the agreement coeffi cients of the shrinkage and the aging change were similar results. Therefore, the univariate regression model was further discussed based on the results of the sample data regression model hence. Degree of agreement = 1.0 -(R 2 -ES) ES: eta squared for one way ANOVA (dependent variable, physical fi tness score; independent variable, age 21 levels). PFS: physical fi tness score, PCS: principal component score. 
Criterion Validity
The criterion validity of the respective estimation models of physical fi tness age was examined by the correlation coeffi cient between calendar age and physical fi tness age. The correlation coeffi cients between calendar age and physical fi tness age were 0.48 for men and 0.54 for female in the univariate regression model, while that of the multiple regression model were 0.92 for males and 0.90 for females. In the principle component model, the coeffi cients were 0.74 for males and 0.77 for females. In all the estimation models there was signifi cant correlation found.
The independent variables of the estimation models of physical fi tness age are either the scores of the test items or the total scores. The physical fi tness age estimated is the level of the elderly physical fi tness converted to age scale, so the correlation coeffi cient between physical fi tness age and calendar age is the same meaning as that between physical fi tness and calendar age. Kimura, et al., (1989 ), Furuta (1992 , and Hanai, et al., (1996) have reported that the univariate correlation coeffi cient between the items measured for physical fi tness, different from those in this study, and calendar age was around from 0.2 to 0.5. It is argued that the value reported is in the same level as the correlation coeffi cient between physical fi tness age and calendar age in the univariate regression model revealed in this study.
In previous studies adopting the multiple regression model and the principle component model as independent variables different from those adopted in this study (Nakamura, et al., 1989; 1990; 1996; 1998) , the correlation coeffi cient between physical fi tness age and calendar age has been reported approximately from 0.80 to 0.90. The values reported were in the same level as the correlation coeffi cient between physical fi tness age and calendar age estimated from the multiple regression model and the principle component model in this study.
Cross Validity
Since the estimation equation depends on the data utilized, it is desirable to verify other data which is not utilized for high reproducibility (Matsuura, 1993) . This study, therefore, analyzed the shrinkage and residual of the validity coeffi cient in the cross validation group, and the cross validity in the respective estimation models of physical fi tness age was examined.
The shrinkage of the criterion validity coeffi cients were 0.19 for males and 0.05 for females in the univariate regression model, while those of the multiple regression model were 0.03 for males and 0.01 for females. In the principle component model, that was 0.06 for males and 0.03 for females. In the studies by Lee, et al., (1993) and Kim, et al., (1995) the shrinkage was within 0.03 to 0.09. Although the shrinkage in the male univariate regression model revealed in this study was a little larger than that in previous studies (Lee, et al., 1993; Kim, et al., 1995) , there was no signifi cant shrinkage found in the criterion validity coeffi cients of any estimation model of physical fi tness age. Focusing on the stability of the shrinkage, the univariate regression model indicated 60.4% for male and 90.7 % for female, the multiple regression model indicated 96.7% for males and 98.9 for females, and the principle component model indicated 91.9% for males and 96.1% for females. Although the male univariate regression model showed lower stability than other models, it could be judged that the criterion validity coeffi cient had stability because there was no signifi cant difference found in the shrinkage.
A residual analysis was conducted in the cross validation group to verify systematic errors occurred in the estimation models. As the physical fi tness age calculated in the respective estimation modes was a value which physical fi tness was converted by age scale, the distribution of estimated residual (calendar age -physical fi tness age) was supposed to be the distribution of physical fi tness excluding aging change. The homogeneity was existent in the distribution of the physical fi tness test scores in the prior test, so it was assumed that the distribution of the estimated residual was normal one and there was no correlation with calendar age. Focusing on the correlation coeffi cients between the estimated residual and the calendar age in the respective estimation models, the values in three models indicated signifi cance as the male univariated regression model appeared in 0.37, and the female multiple regression model and principle component model appeared in 0.21. Accordingly, it was presumed that the above three models included systematic error. Judging by the absence of signifi cance found in the female univariate regression model, the male multiple regression model and principle component model, however, it could be assumed that the systematic error approved in this study depended on the samples of the cross validation group. Further exploration of whether or not there is systematic error by using samples in large scale was required, but versatility was recognized due to the high stability shown in the respective estimation models of physical fi tness age.
Agreement with Aging Change
As the correlation coeffi cient between physical fi tness age and calendar age refl ects aging change in physical fi tness, it is desirable that the coeffi cient should agree with the degree of the aging change. In this study, therefore, the degree was examined by ES obtained by ANOVA, in which the total scores of the physical fi tness test were regarded as the dependent variable and the calendar age as the independent variable under the distinction of gender. The male ES PFS and ES PCS were respectively 0.34 and 0.29, and 0.35 and 0.36 respectively for females. The degree of aging change revealed in this study accords with the value sought in the previous studies exploring aging change against the elderly physical fi tness in the use of the test items different from those used in this study (Furuta, 1992; Hanai, et al., 1996) .
After the agreement coeffi cients against ES sought in the respective estimation models of physical fi tness age were calculated, the degree of agreement against aging change of the estimated physical fi tness age was compared. The models with the highest agreement coeffi cients for ES pfs and ES pcs were the univariate regression models of both genders, followed by the principle component model and the multiple regression model.
The high agreement coeffi cients in the univariate regression models underlay the statistical model of univariate regression analysis and one-way analysis of variance. ES pfs and ES pcs , the validity criterion of aging change, displayed what extent calendar age (independent variable) accounted for variance of the total test scores and the principle components' scores. In the event that the independent variable is in rank scale, ES suggests nonparametric determination coeffi cient. Both of ES pfs and ES pcs are in common because the relationships between the same two variables were examined by linear models. Consequently, it was judged that the physical fi tness age estimated by the univariate regression model appropriately displays the aging change.
The agreement coeffi cients against ES pfs and ES pcs in the multiple regression and the principle component models were relatively low, presumably because the physical fi tness age estimated from both models either underestimated or overestimated aging change. This might originate from the correction method by Dubina, et al., (1984) to correct error in linear models. Although errors specifi c to linear models can be restrained by applying the correction method by Dubina, et al., (1984) to the estimation model of physical fi tness age, the physical fi tness age estimated will overestimate infl uence caused by the aging change towards physical fi tness. Shigematsu, et al., (2000) has reported that the physical fi tness age sought in the estimation models depend largely on the calendar age as the estimation equation, in which information about the calendar age, the dependent variable, has been included in the independent variable in the event that the corrected term obtained by the correction by Dubina, et al., (1984) has been added to the estimation equation. If low agreement coeffi cients towards ES of physical fi tness age estimated by the multiple regression and the principle component models arise from the correction method by Dubina, et al., (1984) , it is surmised that the two models overestimated the degree of the aging change towards physical fi tness.
It is most likely that the use of the estimation models of physical fi tness age overestimating the degree of aging change is inappropriate in actual exercise training for the following reason. For judging effects on the elderly caused by exercise training, the measurement of physical fi tness is usually conducted either in constant period or through pre-and post-training. Even though the training is effectively executed and the level of the participants' physical fi tness is either maintained or improved, it can be anticipated that the value itself indicates a decrease. Physical fi tness age decreases regardless of a change in the level of physical fi tness. In order to evaluate the longitudinal variation of physical fi tness, therefore, it is a requirement to use the estimation models in accordance with the aging change in reality.
This study developed the estimation models of physical fi tness age suitable for the Japan Fitness Test (65 yrs -79 yrs) through the univariate regression, the multiple regression, and the principle component models, and examined the validity of the respective http://www.soc.nii.ac.jp/jspe3/index.htm 604 models in comparison. Criterion and cross validity were proved in all the estimation models. A large gap between the physical fi tness age estimated by the multiple regression and the principle component models was seen and the actual aging change, while the univariate regression model was the estimation model refl ecting aging change the most. In conclusion, it is suggested that the most suitable estimation model of physical fi tness age for Japan Fitness, intended for ages between 65 and 79, is the univariate regression model.
